An analysis of predator±prey ratio and guild constancy was made for 41 099 insects from 31 Acacia tree canopies in north-east Tanzania. A strong proportionality between predator±prey species richness, abundance and biomass was found, with reduced major axis slopes not statistically different from one. Predictions of ®ve existing hypotheses to account for predator±prey ratios were tested: the energy ratio and common determinants of diversity hypotheses were well supported and most likely to explain the pattern reported here. Since predator±prey ratios can be considered a special case of the general guild constancy problem, it was also investigated whether species and biomass shares of guilds differed between six tree species and nine sampling localities. For most guilds no signi®cant differences were found and both energy ratio and common determinants of diversity hypotheses might explain the observed general pattern of resource division in this ecological community.
INTRODUCTION
How are resources partitioned in a community? Although some fundamental patterns of species assemblages, trophic structure and food webs are well established (Ricklefs, 1990; Holt, 1993; Polis & Winemiller, 1996; Polis, Anderson & Holt, 1997) , we are still far from understanding community ecology (Hutchinson, 1959; May, 1975 May, , 1986 Lewinsohn & Price, 1996) . One of the most frequently reported patterns is a predator±prey species richness proportionality (Evans & Murdoch, 1968; Terraguchi et al., 1981; Jeffries & Lawton, 1985; . This pattern of community structure has received much attention since it is common for all habitats and spatial scales , although the causes are still a matter of debate. Five main hypotheses have been proposed and there is no consensus as to which is the most probable and references therein). These main hypotheses have been developed further and advocated to account for the proportionality (Table 1) . While the probability of these ®ve hypotheses has been analysed in meta-analyses , their predictions have rarely been tested using a single assemblage. This, however, has the advantage that test results can be compared directly, whilst different scales, taxa and methodological approaches hamper such comparisons in a meta-analysis.
During the last two decades, insects have been sampled globally from tree canopies, producing large data sets and a deeper insight into community processes (Erwin & Scott, 1980; Erwin, 1982 Erwin, , 1983 Adis, Lubin & Montgomery, 1984; Stork, 1987 Stork, , 1991 Morse, Stork & Lawton, 1988; Basset & Kitching, 1991) . Most studies have, however, dealt with diversity and there are only a few detailed analyses of guild structure suggesting that guilds are stable (Heatwole & Levins, 1972; Jeffries & Lawton, 1984; West, 1986; Lawton & Gaston, 1989; Southwood, 1996) or not (Root, 1973; Lawton & Schroeder, 1977; Southwood, Moran & Kennedy, 1982; Strong, Lawton & Southwood, 1984; Leather, 1986; Stork, 1987; Cornell & Kahn, 1989) . In addition, most tropical large-scale insect studies have focused on rain forests and little work has been done in tropical savannas, although they are the most widespread habitat in the tropics, covering c. 40% of the land surface (M. M. Cole, 1986; Solbrig, 1996) . Thus the importance of insects in savanna ecosystems and patterns of insect community structure are poorly understood (Lewinsohn & Price, 1996) .
Here we analyse the insect community of Acacia canopies from savannas in north-east Tanzania and test different hypotheses that might account for the predator±prey ratio observed. We then extend to the general concept of guild constancy to test for differences between host species and localities because predator± prey proportionality can be viewed as a special case of guild constancy . Trees in a savanna provide an excellent framework for such research because they are a discrete ecological unit (Southwood & Kennedy, 1983) with great niche diversi®cation (Lawton, 1978 (Lawton, , 1986 , are a stable resource (Southwood, 1978) and the inhabitants are well interlinked trophically .
MATERIAL AND METHODS

Data collection
Thirty-one Acacia trees of 6 species (etbaica, mellifera, nilotica, re®ciens, senegal, tortilis) were sampled between 30 December 1995 and 18 January 1996 in the northern part of Mkomazi Game Reserve in north-east Tanzania. A detailed description of the habitat and the sampling method is given elsewhere (Kru È ger & McGavin, 1997 , 1998a . Table 2 lists the localities and tree composition sampled at each. A total of 41 099 insects representing 492 recognizable taxonomic units (RTUs, which are referred to as species in this paper) were collected, identi®ed to family level by specialists and then morphotyped. Body length was measured to calculate dry biomass using an allometric formula . Each species was assigned to 1 of 9 major ecological guilds (Root, 1973; . Guilds followed the classi®cation of and were only modi®ed to include adult Lepidoptera as a separate guild (phytophagous nectarivores). Larvae were assigned to the phytophagous chewer guild since most were caterpillars. Clearly non-phytophagous larvae such as Neuroptera were placed in the appropriate guild. For predator±prey ratio analysis, we classi®ed predators and parasitoids as predators and all other guilds as prey (Jeffries & Lawton, 1985) .
Data analysis
It is now widely accepted that ordinary least square regression is inappropriate for predator±prey ratios (Clarke, 1980; McArdle, 1988; , because of measurement errors and because neither variable is obviously the explanatory one. McArdle (1988) has provided good support for the reduced major axis regression (Ricker, 1973) in this case and we assessed relations using reduced major axis slopes and correlation analysis.
To extend the analysis from predator±prey ratios to guild constancy, guilds were ®rst grouped into primary consumers (phytophagous chewers, sapsuckers, nectarivores and epiphyte grazers), secondary consumers yF urU È ger nd qF gF wqvin 266 Cole (1980) Similarity between species pool of colonists and a random sample of that community. Predator food niches Tilman (1986) Prey species are a niche dimension for predator species: higher prey diversity leads to higher predator diversity. Enemy-free space Jeffries & Lawton (1984) Prey species compete for enemy-free space. More predator species allow more prey species to coexist. Energy ratio Similar relationships between area, abundance and species richness for both prey and predator result in proportionality. Common determinants of diversity Similar factors in¯uencing both prey and predator species richness. (predators and parasitoids) and detritivores (scavengers) and we looked for differences between tree species and localities. Tourists could, by de®nition, not be included in one of the trophic levels since they have no association with the tree. Ants were also excluded because of dif®culties assigning them to speci®c guilds owing to uncertainties as to which species were exclusively carnivorous or phytophagous.
To analyse species and biomass shares of guilds between tree species and localities, a 2-way ANOVA was performed in SPSS. Although most shares did not deviate from normality, they were all arcsine square root transformed (Sokal & Rohlf, 1995) . As can be seen from Table 2 , the sample design was unbalanced and sample sizes for some tree species and groups were very small, therefore MANOVA was not carried out. However, the sample size in each cell equals or was larger than the number of dependent variables so that the minimum assumptions of ANOVA were met (Hair et al., 1995) . Moreover, when a larger number of dependent variables are analysed, a 2-way ANOVA is considered to be more powerful than MANOVA (Hair et al., 1995) . Power analysis was performed with different P-values to test this and power values for the 2-way ANOVA¯uctuated around 0.7 with P < 0.10 while values for MANOVA were considerably less. Therefore, 2-way ANOVA is more likely to detect differences if they exist. To reach suf®cient power, the signi®cance level was lifted to P < 0.10 to detect differences between tree species or localities. Nevertheless, the statistical power was below 0.7 for the interaction between tree species and localities, owing to the small sample size in some tree species and groups and the hierarchical nature of the data for the interaction between tree species and locality. Thus, this analysis was only able to detect large statistical effects. Analyses of shares create non-independencies, but no Bonferronicorrection was applied, since this would have increased the chance of detecting guild constancy. To discriminate between guild constancy and random draw, a variant of the randomization test was applied. The variance of means of the 6 tree species or 9 localities were used and compared with 100 iterations of variances of means constructed from the real data set by random assignment. If the real variance was < 95% of the variances created at random assignment, random draw is unlikely to be the creating force.
RESULTS
A total of 41 099 insects, representing 14 orders, 133 families and 492 species were collected. Between-tree variation in the proportion of species and biomass in most guilds was large and covered a 2.5-fold range in percentages for most guilds. Species richness was highest in the phytophagous sapsuckers guild (mainly Hemiptera, some Diptera), followed by the parasitoids (mainly Hymenoptera) and phytophagous chewers (Orthoptera, Phasmatodea, some Coleoptera) guilds. Together with the predators (Mantodea, some Coleoptera and Hemiptera) they contributed > 80% of the total species richness. Biomass share was highest in the phytophagous chewer guild, followed by the ant and the predator guilds which contributed > 80% of the total biomass.
Predator±prey ratio
There was a highly signi®cant correlation and proportionality between predator and prey species richness (Fig. 1a) . The slope of the reduced major axis did not differ signi®cantly from one (t = 0.352, d.f. = 24, P = NS) so that predator and prey species richness increased equally. Mean predator±prey ratio was 0.582 (sd = 0.132), i.e. roughly 37% of species in the community were predators. Highly signi®cant correlations and proportionality were also found for predator and prey abundance (Fig. 1b) , biomass ( Fig. 1c) and within a taxonomic subsample (Coleoptera, Fig. 1d ). No slopes differed signi®cantly from one (abundance: t = 0.255, d.f. = 25, P = NS; biomass: t = 0.382, d.f. = 28, P = NS; Coleoptera: t = 0.402, d.f. = 26, P = NS) so that predator and prey abundance and biomass increase equally.
Explanations for predator±prey ratios
Here, we test the speci®c predictions of the ®ve hypotheses explaining the proportionality (see Introduction) to see which most probably accounts for the pattern of this community. We brie¯y outline the hypothesis-speci®c predictions (see for a comprehensive description for each hypothesis) and subsequently test them.
(1) Random draw. This hypothesis makes one prediction which can be tested with our data. Local communities should be more prey biased compared to the regional pool because, for energetic reasons, prey species typically have larger population sizes than predators . As the slope of Fig. 1a yF urU È ger nd qF gF wqvin 268 suggests, species richness of predator and prey increases equally steeply, which is not to be expected in a preybiased community. In addition, the predator±prey ratio (0.582) is high compared to other studies found a mean of 0.46 across all habitats and scales for 389 studies). For the random draw hypothesis to be correct, the regional pool should exhibit an even higher proportion of predators, which is unlikely.
(2) Predator food niche. This hypothesis also makes two predictions. First, predator richness should increase faster than prey richness because some predator species might themselves be a resource for other predators. This is not supported by our data (b = 0.91, see Fig. 1  legend) . Second, in more specialist-dominated systems with great niche diversi®cation there should be a higher predator±prey ratio. argued that terrestrial arthropod systems are likely to be specialist-dominated, therefore we would expect, and found, a high predator±prey ratio (but see . In summary, the evidence for the predator food niche hypothesis is weak and equivocal. (3) Enemy-free space. This hypothesis makes only one weak prediction amenable to testing using our type of data, which is that less-specialist systems will generally show higher predator±prey ratios. Since the system we studied is classi®ed as a specialist system and we found a very high predator±prey ratio, the support for the enemy-free space hypothesis is equivocal. (4) Energy ratio. This hypothesis makes four testable predictions. First and second, there should be a strong correlation between predator and prey abundance and biomass. This is true (Fig. 1b, c) , with slopes not signi®cantly different from that of the species richness relationship. Third, the abundance±species richness relationship should be similar for both predator and prey. For both predator and prey, slopes and the coef®cients of determination are nearly identical (Fig. 2a, b) . Fourth, there should be a positive correlation between the variation in the proportion of species that are predators and the percentage of the total individuals that are predators. We used the residuals of the reduced major axis and correlated them with the proportion of predatory individuals. There was only a positive trend (r 29 = 0.308, P < 0.075). Predictions of the energy ratio hypothesis are thus supported by our data. (5) Common determinants of diversity. This hypothesis makes three testable predictions. First, species richness of ecological guilds should be positively correlated despite the absence of strong biological interactions between certain guilds. Table 3 shows the correlations for the nine guilds recognized in this study. Only nine out of 36 correlations are not signi®cant and there are several signi®cant correlations between guilds with no strong biological interaction (i.e. phytophages, scavengers and epiphyte grazers). Second, a predator±prey proportionality is also expected in a taxonomic subset where predators and prey are not strongly trophically interlinked. We chose Coleoptera (as recommended by Gaston et al., 1992; and Fig. 1d clearly shows a predator±prey ratio similar to the entire community. Third, factors in¯uencing species richness of predators and prey should be the same. Table 4 shows the results of a stepwise multiple regression analysis with predator and prey species richness as the dependent variables. As speci®ed in the prediction, the two most important predictor variables were identical for prey and predator species richness (biomass and sampling time), although the percentage variance explained was much lower for predators (30.5 compared to 71.3%). Predictions of this hypothesis are also supported by our data.
Guild constancy
The six Acacia species were not signi®cantly different for primary and secondary consumers in species share (ANOVA, F 5,17 = 0.350, P = 0.873 and F 5,17 = 2.081, P = 0.119, respectively), but for detritivores there was a signi®cant difference between tree species (ANOVA, F 5,17 = 6.762, P = 0.001). Lack of signi®cant differences held also true for biomass shares of primary and secondary consumers (ANOVA, F 5,17 = 0.751, P = 0.595 269 Insect predator±prey ratio and F 5,17 = 1.451, P = 0.256) but again not for detritivore biomass shares (F 5,17 = 2.802, P = 0.052). Since samples were taken from nine localities up to 30 km apart, differences might be expected as a result of spatial heterogeneity of habitat factors. This was not true for the species shares of primary and secondary consumers, but was for detritivores (ANOVA, F 6,17 = 0.482, P = 0.813, F 6,17 = 1.075, P = 0.419 and F 6,17 = 2.263, P = 0.087). No signi®cant differences existed for biomass shares for the three trophic groups (ANOVA, F 6,17 = 1.154, P = 0.375, F 6,17 =1.151, P = 0.378 and F 6,17 = 1.002, P = 0.455, respectively). There was also no signi®cant interaction between tree species and locality for species shares of primary, secondary consumers and detritivores (ANOVA, F 2,17 = 1.047, P = 0.373, F 2,17 = 0.267, P = 0.769 and F 2,17 = 1.404, P = 0.273, respectively) neither with regard to biomass shares for primary and secondary consumers but for detritivores (ANOVA, F 2,17 = 1.035, P = 0.377, F 2,17 = 2.499, P = 0.112 and F 2,17 = 3.283, P = 0.062, respectively).
Lack of signi®cant differences in species and biomass composition between tree species and localities might be the result of grouping guilds into trophic levels. Each guild was therefore separately analysed between tree species and localities (Table 5) . For species shares, only four out of 27 analyses showed signi®cant differences; scavengers¯uctuated between tree species and predators uctuated between tree species, localities and there was an interaction between tree species and locality. For biomass shares, only two out of 27 analyses revealed a signi®cant difference; scavengers¯uctuated between tree species, and for tourists there was an interaction between the two factors. Thus the overwhelming number of guilds did not¯uctuate signi®cantly either between tree species or localities. In addition, only four tests for randomness showed no signi®cant difference from random draw (phytophagous nectarivores species shares between tree species, phytophagous chewers biomass between tree species, predator and ant biomass between tree locality, Table 5 ). Thus guild constancy was detected for most guilds between tree species and tree localities and this was not due to random draw. Predators were the only guild with a major RTU or biomass share which¯uctuated signi®cantly between trees or localities.
Explanations for guild constancy
Can any hypothesis concerning predator±prey ratio explain the more general case of guild constancy? Our data did not support three of the hypotheses, so we examine the energy ratio and determinants of diversity hypotheses in this section.
The energy ratio hypothesis requires similar species± area and abundance±species richness relationships (Wright (1983) and argued that area can be used as a surrogate for energy for a given habitat type). The four main orders in this study show similar species±area slopes (entire community = 0.364; Hemiptera: mainly sapsuckers = 0.356; Coleoptera: mainly chewers, sapsuckers, some predators and scavengers = 0.471; Diptera: mainly scavengers and tourists, some predators and sapsuckers = 0.302; Hymenoptera: mainly parasitoids = 0.317, see Kru È ger & McGavin, 1997 for details of methodology), implying that the relationship will be similar for different guilds. The abundance±species richness relationship is similar between the entire community (0.383), Hemiptera (0.360) and Hymenoptera (0.317) while Coleoptera yF urU È ger nd qF gF wqvin 270 Table 5 . Two-way analysis of variance (ANOVA) of the species shares (top nine rows) and the biomass shares (bottom nine rows) of the nine guilds for the six Acacia species and nine tree localities. Signi®cant differences are in bold and non-signi®cant differences from random draw are underlined and in italics
Guild
Tree species Locality Species by locality 1997; Kru Èger & McGavin, 1998b) . The similarities of the species±area relationship support the energy ratio hypothesis while support is less unequivocal for the abundance±species richness relationship. The common determinants of diversity hypothesis predicts positive relationships between species richness of guilds. This was supported by our data (Table 3) ; there are several guilds that are not trophically linked but which are positively correlated for species richness. To look for common predictors of species richness of different guilds, multiple regression analysis was performed (Table 6 ). Five variables (latitude, sampling date, sampling time, tree height and tree species) were signi®cant predictors and, except for tree species, all were signi®cant predictors for two guilds but the explained variance was low (12.8±31.9%). As with the energy ratio hypothesis, support is good for one prediction but equivocal for the other.
DISCUSSION
Proportionality between predator and prey species richness is a very widespread pattern . The variation in the ratio, however, is quite substantial and certain non-random deviations have been described. In particular, higher proportions of predators have been documented from islands (Janzen, 1973; Becker, 1975) , arid habitats (Wagner & Graetz, 1981) and regions situated close to the equator (Pianka, 1966) . Therefore we have at least three alternative explanations for the high ratio in this study which comes from an arid habitat, close to the equator and speci®cally from tree canopies which can be seen as habitat islands' for insects (Kru È ger & McGavin, 2000) . In addition, disturbance might also in¯uence the ratio with less disturbed systems attaining a higher ratio (Jenkins & Kitching, 1990) . From our data, the proportionality is most likely explained by the energy ratio and common determinants of diversity hypotheses. As and Gaston et al. (1992) point out, these two hypotheses are likely to interact and in their study the two were best supported by literature data and predicted the proportionality better in combination than either did alone.
The more general observation that guilds are stable has been reported in other studies (Heatwole & Levins, 1972; Jeffries & Lawton, 1984; West, 1986; Stork, 1987; Southwood, 1996 , but see Erwin & Scott, 1980; Cornell & Kahn, 1989 for exceptions). However, none of these studies also found stability for biomass shares of guilds reported here; but biomass constancy is more important for resource partitioning (Basset, 1996) . Differences found for detritivores might be a result of methodology (mist-blowing) which might not be ideal for this guild because species feeding in inaccessible niches are more likely to be underrepresented. However, this error source is unlikely to cause the general lack of differences reported here because most guilds are accurately sampled using mistblowing techniques. Cornell & Kahn (1989) found that 271 Insect predator±prey ratio trees with similar guild structure had no tendency to be taxonomically similar, thus we would not expect a similar guild structure just because only Acacia species were sampled. Since the faunal composition of the different trees varied considerably, the constancy is not caused by the same species occurring on different trees. Most species were found on one or two trees only and insect density/m 2 varied signi®cantly between host species. Although the trees studied belong to one genus, differences in leaf structure are great (Coe & Beentje, 1991) which makes it unlikely that the constancy is an artefact of similar tree species being sampled. Although no comparative analysis was performed, there was no correlation between the faunal composition of tree species and their taxonomic relatedness (Kru È ger & McGavin, 1998a) . In addition, it can be estimated that c. 80% of the true number of species in the major insect orders are represented in the data set (Chao, 1984; Kru È ger & McGavin, 1997) . The pattern is thus not likely to be an artefact of missing a signi®cant proportion of species. Inferring guild constancy from ecological guild analysis has been criticized by Simberloff (1976) but, except for the point that inferences from guild analysis are not as detailed as specieslevel analysis, this study is not faced with the other problems mentioned. Although environmental stochasticity probably causes variation between trees, this study strengthens the idea of an intrinsic process in communities upon which stochasticity acts as a modi®er (Southwood, 1980) . On present evidence, both energy ratio and common determinants of diversity hypotheses in combination most probably explain guild constancy as a more general pattern of predator±prey ratio. These two theories provide a theoretical framework on which guild constancy is to be expected and their predictions are supported by our data.
